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The local structure and electronic properties of Rb1−xFe2−ySe2 are investigated by means of site
selective polarized x-ray absorption spectroscopy at the iron and selenium K-edges as a function
of pressure. A combination of dispersive geometry and novel nanodiamond anvil pressure-cell has
permitted to reveal a step-like decrease in the Fe-Se bond distance at p ' 11 GPa. The position of
the Fe K-edge pre-peak, which is directly related to the position of the chemical potential, remains
nearly constant until ∼ 6 GPa, followed by an increase until p ' 11 GPa. Here, as in the local
structure, a step-like decrease of the chemical potential is seen. Thus, the present results provide
compelling evidence that the origin of the reemerging superconductivity in A1−xFe2−ySe2 in vicinity
of a quantum critical transition is caused mainly by the changes in the electronic structure.
PACS numbers: 74.70.Kn, 74.25.Gz, 71.15.Mb, 62.50.-P
Pressure plays an important role in the newly discov-
ered Fe-based materials for tuning the superconducting
and magnetic properties owing to their extreme sensitiv-
ity to even slight crystallographic distortions [1]. After
the discovery of superconductivity in the LaFeAsO1−xFx
[2] a strong dependence of the superconducting transition
temperature Tc with the ionic radius of the rare-earth
atom was observed [1]. Such a remarkable chemical pres-
sure effect has been ascribed to the specific position of the
pnictogen/chalcogen (Pn/Ch) atoms above the Fe-plane
[3]. In this context, the binary superconducting com-
pound FeSe got considerable attention due to its struc-
tural simplicity and its similarity in the electronic struc-
ture [4]. Furthermore, the system shows extreme sensi-
tivity to pressure since both chemical pressure induced by
substitution of Se by Te or S as well as hydrostatic pres-
sure lead to a substantial increase of Tc [5–7]. Recently, a
new route to increase Tc was found by intercalating alkali
metals between the FeSe layers leading to A1−xFe2−ySe2
(A = alkali metal) [8–10]. Interestingly, all these newly
discovered materials show a similar Tc ∼ 30 K regard-
less the size of the intercalated alkali metal atoms. The
A1−xFe2−ySe2 system show a phase separation scenario
between an insulating magnetic majority phase and thin
metallic stripes which, below Tc, undergo the supercon-
ducting transition [11–14]. It was argued, that during
cooling the compressive strain between those two phases
leads to such high values of Tc comparable to the ones
observed in high pressure studies of FeSe indicating an
intimate role of the lattice degrees of freedom [15]. Very
recently the application of hydrostatic pressure on the
A1−xFe2−ySe2 system lead to a peculiar T −p phase dia-
gram [16]: The value of Tc remains almost constant up to
∼ 5 GPa. As the pressure is further increased, Tc starts
to decrease and vanishes around 9 GPa. The system does
not exhibit a superconducting phase from ∼ 9 to about
11 GPa, where the reemergence of superconductivity is
observed. It is worth to notice that the Tc of the high
pressure phase is higher (48 K) than that observed in the
low pressure regime (30 K). A quantum critical transition
(QCT) close to a structural transition has been hypoth-
esized to separate the two superconducting phases [17].
In this study the pressure evolution of the electronic
and local structures of superconducting Rb1−xFe2−ySe2
single crystals is investigated under hydrostatic pressures
up to p ∼ 15 GPa at room temperature (RT) by means of
polarized dispersive x-ray absorption spectroscopy at the
Fe and Se K-edges. Such a study under pressure is the
cleanest way to probe simultaneously the changes in the
electronic and lattice structures where in general three
important parameters can be obtained: i) the site specific
local structure from the partial atomic pair distribution
by extended x-ray absorption fine structure (EXAFS); ii)
higher orders of the local atomic distribution via x-ray
absorption near edge structure (XANES); iii) the posi-
tion of the chemical potential using the energy shift of
the absorption pre-edge feature. Using this local probe,
a transition from a disordered to a locally more ordered
state at ∼ 11 GPa is identified. The electronic subsys-
tem, on the other hand, seems to show a more complex
pressure dependence that is mostly driven by the under-
lying quantum critical point. In addition, it seems to
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FIG. 1: (Color online) (a) Normalized Fe K-edge XANES
of Rb1−xFe2−ySe2 at three pressures at room temperature.
The pre-edge peak A and the two near-edge features B and
C are indicated with dotted lines. The inset shows the pres-
sure evolution of the pre-peak area after subtraction of the
background, representing the DOS close to EF. (b) The first
derivative of the Fe K-edge XANES for pressures ranging from
p ' 0.3 to 15 GPa in ' 1 GPa steps. The thicker lines are the
corresponding ones shown in (a) with the same color code. (c)
Pressure dependence of the inflection point (α) representing
the chemical potential. The dashed lines are a guide to the
eyes.
govern the local structural ordering.
The sample was prepared following the procedure de-
scribed in [9, 18]. Two membrane driven opposing-plate
diamond anvil cells (DAC) equipped with 300 µm culet
I-A diamonds for the Fe K-edge, and state of the art 400
µm culet nano-diamonds [19, 20] for the Se K-edge mea-
surements were used to pressurize the Rb1−xFe2−ySe2
with KCl as a pressure transmitting medium. The gas-
kets were made of a 250 µm thick rhenium foil with a sam-
ple chamber of ∼130 µm diameter and 40-50 µm height.
Pressure was measured in-situ exploiting the standard
ruby fluorescence technique. Fe and Se K-edge dispersive
x-ray absorption spectroscopy measurements were per-
formed at the energy dispersive EXAFS beamline ID24
of the ESRF, Grenoble [21, 22]. The x-ray source con-
sisted of three undulators of which the gaps were adjusted
to tune the maximum of the first and second harmonic
at the energy of the Fe K-edge (7112 eV) and Se K-edge
(12658 eV), respectively. The beam was focused horizon-
tally by a curved polychromator (Si 111) crystal in Bragg
geometry and vertically with a bent Si mirror at a glanc-
ing angle of 4 and 2.5 mrad with respect to the direct
beam resulting in a beam size at the sample of 3×3 and
15×15 µm2 for the Fe and Se K-edges, respectively. The
XANES spectra were recorded in transmission mode us-
ing a FreLon CCD camera detector and calibrated using
reference samples.
Normalized Fe K-edge XANES spectra are shown for
three pressures in Fig. 1 (a). The ambient pressure Fe
K-edge XANES spectrum appears very similar to those
observed in the FeSe system [23, 24]. With increasing
pressure clear changes in the near edge features are ob-
served. The Fe K-edge is governed mainly by the 1s→ p
transition with a strong pre-edge feature having substan-
tial contribution of the direct 1s → 3d quadrupole tran-
sitions to the unoccupied Fe 3d states hybridized with
the Se 4p states [23]. With pressure a clear change of the
position of the pre-edge peak [labeled as A in Fig. 1 (a)]
is observed. The pressure evolution can readily be seen
from the peak α in the derivative spectrum shown Fig.
1 (b). The near-edge features at B and C as indicated in
Fig. 1 (a) reveal a reversal of the spectral weight with
increasing pressure. These changes can be appreciated
better from the features β and γ in the derivative spec-
trum [Fig. 1 (b)]. At pressures below p . 6 GPa feature
C is more intense as compared to B. Above p ' 7 GPa,
however, feature B becomes more dominant and above
∼ 11 GPa the weight of feature C is found to be substan-
tially decreased. These changes are a clear indication of
the local lattice rearrangement with pressure. In fact,
diffraction studies showed a transition from Fe-vacancy
ordered (I4/m) to disordered (I4/mmm) state at this
pressure [17].
Since the pre-edge peak provides information about the
chemical potential and the hybridization between the Fe
3d and Se 4p orbitals, that are responsible for the bands
close to the Fermi level EF [28, 29], a detailed investiga-
tion is undertaken. From the maximum of the derivative
representing the inflection point, the pressure evolution
of the chemical potential is extracted [Fig. 1 (c)]. Until
p ' 6 GPa it shows a tendency to decrease, followed by
an increase with increasing pressure. At p ' 11 GPa it
shows a sudden decrease to lower energies. Since the den-
sity of states (DOS) close to EF is related to the pre-peak
area, its pressure dependence can be more quantitatively
evaluated by looking at the integrated intensity obtained
after proper background subtraction. As shown in the in-
set to Fig. 1 (a) it continuously increases with increasing
pressure. Thus, the compression of the lattice indicates
an increase of the DOS showing that the system is be-
coming more metallic.
Normalized Se K-edge XANES spectra of
Rb1−xFe2−ySe2 are shown in Fig. 2(a). It mainly
consists of two features: a sharp peak L around 12665
eV due to the direct 1s → 4p dipole transition and
a broad hump M about 8 eV above the edge which
is mainly governed by the multiple scattering of the
photo-electron with its neighbors and closely related to
the local atomic arrangement [23]. Already in Fig. 2(a)
it can be seen that the position of the sharp peak is
hardly affected by pressure. On the contrary the feature
arising from the multiple scattering is largely influenced
by pressure. In order to investigate the evolution in
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FIG. 2: (Color online) (a) Normalized Se K-edge XANES of
Rb1−xFe2−ySe2 at room temperature for three pressures. (b)
The first derivative of the Se K-edge for all pressures ranging
from ambient pressure to 15 GPa in ' 1 GPa steps. The
thicker lines are the corresponding ones shown in (a) with the
same color code. (c) Pressure dependence of the maximum
of the multiple scattering peak M. The dashed line in (c) is a
guide to the eyes.
detail, the first derivatives are considered [Fig. 2 (b)].
As already visible in the raw spectra, a change can be
observed mainly in the multiple scattering feature [see µ
in Fig. 2]. The pressure dependence of the latter feature
M is shown in Fig. 2(c). The position continuously
increases with increasing pressure until 10 GPa due to
the compression of the lattice. At ' 11 GPa, however,
an abrupt change of the compressibility is observed.
Above it appears to decrease again continuously with a
similar slope as compared to low pressures.
In order to probe the lattice response of the ob-
served reorganization of the electronic structure in
Rb1−xFe2−ySe2, the local atomic distribution around the
Se and Fe along the direction of x-ray beam polarization
is probed by means of polarized EXAFS. The obtained
spectra for selected pressures up to p ' 15 and ' 12
GPa from the Se and Fe K-edges at RT are presented in
Figs. 3(a) and (b), respectively. Note the larger k-ranges
achieved from the nano- compared to the I-A diamonds.
In both edges a systematic shift of the oscillations to-
wards higher k is observed for increasing pressure consis-
tent with the decreasing of the bond distances. Interest-
ingly, the Fe K-edge EXAFS shows a significant change
between 10 and 11 GPa most visible in the oscillation at
k ' 6.5 A˚−1 that seems to broaden significantly and split
[see Fig. 3(b)].
Earlier ambient pressure Se K-edge EXAFS studies on
the A1−xFe2−ySe2 system have underlined the presence
of large local disorder in this system [15, 27]. The atomic
distributions above the first-shell were found to be al-
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FIG. 3: (Color online) The EXAFS oscillations of
Rb1−xFe2−ySe2 at room temperature extracted from the x-
ray absorption spectra for selected pressures of (a) Se and (b)
Fe K-edges. The data are shifted vertically for clarity in pre-
sentation. The measured data points are shown as symbols
whereas the first shell modeling results involving the Fe-Se
bond distance for the Se K-edge and the Fe-Se and Fe-Fe
bond distances for the Fe K-edge are shown as solid black
lines. Fourier transform (FT) magnitudes of the EXAFS os-
cillations corresponding to Se K-edge (c) and Fe K-edge (d).
most completely suppressed, i.e. the nearest neighbors
Rb and Se are not visible. The low pressure data shown
in Fig. 3 (a) are consistent with these studies. Quanti-
tative bond distributions can be obtained from the anal-
ysis of the data. The first shell modelling involving near
neighbor atoms are presented as solid lines in Fig. 3
(a). As already seen in the EXAFS oscillations, the peak
representing the Fe-Se distance in the Fourier transform
(FT) shifts to lower R corresponding to a decrease in the
lattice parameter with increasing pressure [Fig. 3 (c)].
Interestingly, with increasing pressure, the distribution
of higher shells seem to become more pronounced.
The Fe K-edge EXAFS, on the other hand, is domi-
nated by the Fe-Se and Fe-Fe bond-distances, which ap-
pear at distances of dFe−Se ∼ 2.4 and dFe−Fe ∼ 2.7 A˚, re-
spectively [Fig. 3 (d)]. However, the Fe-Fe bond is hardly
visible in the EXAFS even though all nearest neighbor Fe
ions are aligned in the ab-plane, i.e. parallel to the beam
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FIG. 4: (Color online) (a) Pressure dependence of the FT
of the Fe K-edge EXAFS of Rb1−xFe2−ySe2 at room tem-
perature in a 2D contour plot. (b) The Fe-Se distance (left
axis) and the corresponding Debye-Waller factor σ2Fe−Se (right
axis) derived from the first shell analysis of the Se K-edge EX-
AFS. (c) The pressure dependence of the chemical potential
with respect to ambient pressure (left axis) and the schematic
pressure dependence of the superconducting transition tem-
perature Tc adapted from Ref. [16] (right axis).
polarization [inset to Fig. 3 (d)]. This is due to the large
local disorder at the Fe site [15, 27]. By monitoring the
pressure evolution of the FT of the Fe K-edge EXAFS,
the decrease of the Fe-Se distance seen already in the
Se K-edge is confirmed. However, as already mentioned
above, a significant change is observed between 10 and
11 GPa. In the FT a new peak appears at the position
where contributions from the Fe-Fe bonds are supposed
to be present (R ∼ 2.6 A˚). This sudden appearance of
the Fe-Fe bond contributions indicates a substantial lo-
cal structural change at pressures above ' 11 GPa.
This is illustrated in detail in the contour plot of the
FT of the Fe K-edge EXAFS presented in Fig. 4 (a).
With increasing pressure the Fe-Se distance is decreasing
(white line). Although highly damped in intensity, the
contour plot also provides the opportunity to monitor the
higher shells (R ∼ 4 A˚). Here the changes up to ∼ 7 GPa
seem to be rather insignificant, compared to which there
seems a significant change between 7 − 11 GPa. Above
p ' 11 GPa the Fe-Fe peak (R ∼ 2.5 A˚) and the higher
shell contributions (R ∼ 4 A˚) are clearly visible. The
same behavior of an increased local order above p ∼ 11
GPa is seen from the Se K-edge measurements [Fig. 3
(c)]. At the same pressure the Fe-Se distance dFe−Se,
obtained from the first shell analysis of the Se K-edge
EXAFS measurements, reveals a step like decrease [Fig.
4 (b)]. At lower and higher pressures dFe−Se is contin-
uously decreasing with increasing pressure in agreement
with the observation of a continuous decrease of the unit
cell volume [17, 25, 26]. This depicts the observed tran-
sition from a tetragonal vacancy ordered phase at low
pressures to a high pressure phase [17].
In Fig. 4 (c) the schematic pressure dependence of Tc
adapted from Ref. [16] is shown alongside the pressure
dependence of the chemical potential obtained from the
Fe K-edge measurements with respect to ambient pres-
sure. At pressures up to ∼ 5 GPa where Tc remains
nearly constant, the chemical potential is slightly de-
creasing. In this pressure range, the bond Debye Waller
factor (σ2Fe−Se) obtained from the Se K-edge measure-
ments [right axis Fig. 4 (b)] remains nearly constant. In
the pressure range where the superconducting transition
temperature decreases, the chemical potential is increas-
ing with increasing pressure [Fig. 4 (c)]. Interestingly,
here σ2Fe−Se shows a larger value giving an indication for a
possible topological transition of the electronic structure.
As mentioned earlier, in this pressure range the system
seems to be more disordered since in the FT the higher
shells are suppressed. As soon as the system crosses the
suggested QCT from a disordered to a locally more or-
dered phase, superconductivity reemerges, the chemical
potential shows a sudden decrease, and the magnetic or-
dering vanishes [17, 25]. After crossing of the second
superconducting phase, the chemical potential seems to
increase again, which is supported by yet another anoma-
lous change of σ2Fe−Se in this pressure range. Since before
the QCT the chemical potential shows a strong change,
one might speculate that the changes in the local lattice
are driven by changes in the electronic structure.
In conclusion, the present study unravels a lattice re-
arrangement to a locally more ordered state at p ' 11
GPa in Rb1−xFe2−ySe2, where in addition a step like de-
crease of the Fe-Se bond distance occurs. This transition
seems to be driven electroncally since the chemical po-
tential shows an increase in the region p ∼ 7 − 11 GPa
followed by an unusual step-like decrease at p ' 11 GPa.
These results provide an indication that an underlying
QCT is associated with the reemerging superconductiv-
ity in alkali-metal intercalated iron chalcogenides.
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